The cell surface urokinase-type plasminogen activator receptor (uPAR) has been shown to be a key molecule in regulating plasminogen-mediated extracellular proteolysis. To investigate the role of uPAR in invasion of brain tumors, human glioblastoma cell line SNB19 was stably transfected with a vector capable of expressing an antisense transcript complementary to the 300 base pair of the 5' end of the uPAR mRNA. Parental and stably transfected (vector, sense, and antisense) cell lines were analysed for uPAR mRNA transcript by Northern blot analysis, and receptor protein levels were measured by radioreceptor assays and Western blotting. Signi®-cant reduction of uPAR sites was observed in the antisense transfected cell lines. The levels of uPAR mRNA were signi®cantly decreased in antisense clones compared to control, vector and sense clones. The invasive potential of the cell lines in vitro was measured by Matrigel invasion assay and migration of cells from spheroids to monolayers. The antisense transfected cells showed a markedly lower level of invasion and migration than the controls. The antisense clones were more adhesive to the ECM components compared to parental, vector and sense clones. All transfected (vector, sense and antisense) clones and parental cells produced similar levels of uPA activity without any signi®cant dierence however, MMP-2 activity was decreased in antisense clones compared to controls. These results demonstrate that uPAR expression is critical for the invasiveness of human gliomas and down regulation of uPAR expression may be a feasible approach to decrease invasiveness.
Introduction
Tissue destruction and subsequent invasion of tumor cells into surrounding normal tissues probably result from an inappropriate control of the proteolytic activity of tumor cells. Several enzyme systems participate in the degradation of extracellular matrix and basement membrane. The urokinase-type plasminogen activator (uPA)-mediated plasminogen activation pathway is one of the most important cascades involved in invasion of tumor cells (Danù et al., 1985) . uPA synthesized and secreted by a variety of normal and malignant cells (Schmitt et al., 1992) binds with high anity to a speci®c cell surface receptor, uPAR (Blasi, 1988; Moller, 1993) . uPA promotes tumor cell migration and invasion by converting the proenzyme plasminogen into active plasmin, which then cleaves the extracellular matrix components including laminin, ®bronectin and collagen (Pollanen et al., 1991) and activates other matrix-degrading enzymes such as pro-collagenases . The binding of uPA to its receptor not only increases its enzymatic activity but also allows a focal and directional proteolysis of extracellular maxtrix (Pollanen et al., 1991) . uPARs have been found to be consistently present at the invasive foci of the tumors in all types of human cancers (Ellis et al., 1992) . Displacement of cell surface receptor-bound uPA with an active-site mutant uPA blocks spontaneous metastasis of the human prostate cancer cell PC3 in nude mice (Crowley et al., 1993) , indicating that the tumor cell surface is the major site for uPA-driven proteolysis of the extracellular matrix. Invasion of cancer cells in vitro can be inhibited by soluble recombinant uPAR (Wilhelm et al., 1994) , which functions as a scavenger for uPA. Malignant brain tumors are characterized by local invasive in®ltration and destruction of surrounding normal brain tissue; their invasive behavior seems to depend partly on proteolytic activities localized on cell's surface. We reported earlier that overexpression of uPAR is associated with the higher malignancy grades of astrocytoma (Yamamoto et al., 1994b) . In malignant brain tumors, uPA-bound uPAR plays a major role in glioblastoma cell invasion into normal brain by virtue of its expression at the leading tumor edge (Gladson et al., 1995) . We found, in addition that human glioblastoma cells express uPAR that could contribute signi®cantly to the invasive capacity of these cells in vitro (Mohanam et al., 1993) . The selective inhibition of uPA:uPAR interaction can therefore, be considered a primary goal in anticancer therapy and is a therapeutically feasible approach to the treatment of malignant brain tumors. In this study, we used the antisense strategy to impair the expression of uPAR on the surface of a human glioblastoma cell line. Our results support the notion that down-regulation of uPAR expression by antisense uPAR vector may be an important target in decreasing the invasiveness of human gliomas.
Results

Isolation of uPAR constructs in stably transfected clones
Human glioblastoma SNB19 cells were transfected with the pcDNA3 vector containing sense and antisense uPAR constructs. As controls, cells were transfected with the vector alone. The growth of cells in medium containing G418 allowed selection of drug-resistant colonies that had stably integrated the neo-resistant gene-containing vector. Clones with vector, sense and antisense integrated construct were selected and analysed for receptor expression and in vitro invasive capacities.
Northern blot analysis of uPAR mRNA levels among transfected glioblastoma clones
To determine whether the antisense constructs reduce uPAR expression, we characterized SNB19 and its G418-resistant clones by Northern blot analysis and compared them with RNA from the parental cell line. Transfection of the vector alone and the sense construct did not alter the levels of uPAR mRNA when compared to those of parental cells. Cell lines transfected with antisense vector showed substantially reduced mRNA-encoding for uPAR in all three clones AS-1, AS-2 and AS-3 (Figure 1a ). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA was detectable in all cell lines tested and was used to correct for loading equalities of the gel. Quantitative uPAR hybridization signals were determined after normalization with the GAPDH signal by densitometric scanning of the autoradiograms. Figure 1b shows that uPAR mRNA levels were approximately four to ®vefold decreased in antisense clones compared to parental cell line, vector and sense clones (P50.001).
Measurement of uPAR by saturation binding assay
To determine the eect of antisense uPAR cDNA transfection on uPAR, we performed binding studies on nontransfected and transfected cell lines using 125 Ilabeled pro-uPA. A comparison of the binding of radiolabeled pro-uPA to transfected cells is shown in Table 1 . All the K d values obtained were in the range of 0.2 to 0.6 nM indicating that the cellular receptor's anity for pro-uPA is not substantially altered in all transfected cell lines. The uPAR number was reduced by 45 ± 61% in antisense transfected clones compared to parental cell line, vector and sense clones (Table 1) . To further quantitate the uPAR protein content of the cell lysates of parental, vector, sense and antisense clones, we performed Western blotting with uPAR polyclonal antibodies. Figure 2a shows that M r 60 000 uPAR band was present in all the samples but it was reduced in antisense clones compared to parental,
Figure 1 (a) Northern blot analysis of uPAR mRNA in SNB19 and transfected cells. Total RNA was isolated and 10 mg of RNA was electrophoresed in 1.2% agarose gels and blotted onto a Nylon membrane. The membrane was hybridized with 32 P-labeled uPAR cDNA speci®c for uPAR mRNA. After removal of the radio labeled probe, the membrane blot was rehybridized with GAPDH cDNA probe to check the relative amounts of mRNA loaded on to the gel. (b) Levels of uPAR mRNA quantitated by scanning autoradiograms with laser densitometry. Relative hybridization signal numbers were calculted by ascribing an arbitrary value of one to the least intense signal seen by Northern analysis after loading equalities based on the glyceraldehyde phosphate dehydrogenase probe were determined. In each group the uPAR mRNA band was scanned in three positions at dierent exposures, and the peak areas were averaged to give the values presented. Data were shown as mean values+s.d. of ®ve dierent experiments from each clone. *P50.001 vector and sense clones. Scanning of the uPAR band showed a reduction of 50 ± 70% in all antisense clones (AS-1, AS-2 and AS-3) parallel to receptor numbers when compared to parental, vector and sense clones ( Figure 2b ).
Invasive potential among transfected clones
Antisense transfectant clones (AS-1, AS-2 and AS-3) were compared to parent SNB19 cells, vector and sense transfectants to determine the eect of antisense uPAR transfection on an in vitro invasion by Matrigel invasion assay. We found no marked dierence in invasion between parental (SNB19) and vector (SNB19-V) and sense (SNB19-S) construct transfected clones. However, a signi®cant inhibition in invasive potential was noted with antisense transfected clones, AS-1 (70%), AS-2 (65%) and AS-3 (60%) at P50.001 ( Figure 3 ).
Eect of transfection on spheroid formation and cell migration from spheroids
Cell migration from spheroids of parental, vector, sense and antisense transfected cell lines was shown in Figure  4 . Among the extracellular proteins both interstitial and as well as basement membrane collagens had a marked eect on migration of cells from spheroids. Spheroids from parental transfected cells showed a streaming outgrowth in response to dierent collagens. We could not ®nd migration of cells on uncoated coverslips. In contrast, migration of cells from spheroids of antisense transfected cells AS-1, AS-2 and AS-3 was signi®cantly reduced compared to parental SNB19 spheroids on all the collagens tested. Quantitative data showed that the cell migration from these spheroids was inhibited signi®cantly (P50.001) in antisense clones compared to parental, vector and sense-uPAR transfected cells ( Figure 5 ).
Adhesive potential among transfected clones
Since the antisense transfected clones exhibited reduced migration and invasion we reasoned that the reduced invasion in antisense clones could be due to the dierential adhesion of cells to various extracellular matrix components. The eect of antisense uPAR transfection on adhesion of SNB19 cells was examined by incubating the cells in 96-well plates precoated with 0.25 ± 2.5 mg/ml of ®bronectin, type IV collagen, or laminin. Results showed that at 1 mg/ml, adhesion of antisense uPAR-transfected AS1 cells was increased 1.8-fold on type IV collagen, 2.1-fold on ®bronectin and 1.9-fold on laminin ( Figure 6 ), compared to controls. Similarly adhesion of transfected AS2 and AS3 cells also increased from 1.8 to 2.3-fold in the presence of type IV collagen, ®bronectin and laminin ( Figure 6 ). Cell adhesion to bovine serum albumin (BSA)-coated plates was minimal. Cell adhesion to ECM components was speci®c, as antibodies against type IV collagen, ®bronectin, and laminin inhibited the attachment of SNB19 cells (results not shown). These results demonstrated that antisense uPAR transfection increases cell adhesion to dierent ECM components.
Testing whether an antibody against uPAR increases cell adhesion, we found that adhesion of parental, vector and sense construct transfected cells was indeed 
Measurement of uPA by ®brin zymography
As the radiolabeled uPA binding was reduced in antisense transfected clones, conditioned medium and cell extracts from the transfected clones and parental cells were subjected to ®brin zymography to understand the eect of transfection on uPA synthesis and secretion. Figure 7a shows that similar levels of uPA of M r 55 000 were present in media of all the transfected clones and parental cells. The relative amounts of M r 55 000 uPA activity, quantitated by densitometry showed no signi®cant dierence among the clones and parental cell line (Figure 7b ). There was no signi®cant dierence in the cell extracts of parental cell line and other transfected clones on the levels of M r 55 000 uPA activity (data not shown).
Measurement of MMP-2 by gelatin zymography
A recent study (Ray and Stetler-Stevenson, 1995) showed that MMP-2 directly modulates the adhesion and spreading of melanoma cells. To examine whether antisense transfection alters the synthesis of MMP-2, Type IV coll. Type III coll. Type I coll.
Figure 4 Migration of cells from parental, vector and uPAR constructs transfected SNB19 spheriods on dierent collagen types. Spheroids were generated and plated on various types of collagen-coated coverslips as described in Materials and methods we grew glioma cells in monolayers and conditioned medium was collected and analysed by gelatin zymography. Interestingly, the zymographic analysis showed that antisense transfected SNB19 cells expressed signi®cantly lower levels of MMP-2 both in the conditioned medium (Figure 8a ), than parental, vector and sense controls. Quantitative levels of MMP-2 were signi®cantly decreased threefold (P50.001) in antisense clones compared to parental, vector, and sense clones, when estimated by densitometry (Figure 8b ).
Discussion
Tumor cell invasiveness is a complex multistep process that involves cell attachment, proteolysis of matrix components and migration of cells through the disrupted matrix (Aznavoorian et al., 1993) . In malignant tumors, the majority of uPARs are concentrated at invasive foci (Ellis et al., 1992) , a location that gives the uPAR a key role in generating the cell surface-bound plasmin activity required for extracellular matrix destruction at sites of cell progression. The uPAR's location suggests furthermore, that cell matrix interactions are necessary for cell migration and tissue invasion. As matrigel invasion assays showed (Mohanam et al., 1993 and Stahl and Mueller, 1994) , monoclonal antibodies of uPAR were ecient in impairing the cell's invasive ability. Further evidence of the pivotal role of the uPA/uPAR system in invasive behavior of tumor cells has been provided in in vivo and in vitro models (Cohen et al., 1991; Ossowski, 1992; Kobayashi et al., 1993; Kariko et al., 1993; Crowley et al., 1993; Kook et al., 1994, Stahl and Mueller, 1994; . If the cell surface-bound uPA limits the rate of invasion, a reduction in surface uPAR should translate into a measurable reduction in invasiveness. Thus down regulation of uPAR could reduce uPARmediated proteolysis in tumor cells, and expression of uPAR-cDNA construct resulting in antisense RNA is appropriate for achieving this goal. An earlier report demonstrated that a 300 bp 5' fragment of the uPAR antisense cDNA was more eective in reducing uPAR mRNA than using the entire uPAR coding region in squamous carcinoma cells (Kook et al., 1994) . Malignant gliomas have recently been shown to express greater quantities of uPAR mRNA (Yamamoto et al., 1994b and Gladson et al., 1995) , and its level of expression in human gliomas seems to correlate with features of malignancy. We reported earlier that human glioblastoma cell lines expressed high-anity binding sites for uPA that could contribute to their invasive capacities (Mohanam et al., 1993) . In this study we stably transfected glioblastoma cell line SNB19 with expression vectors containing a 300 bp 5' portion of uPAR cDNA in sense and antisense orientations. Selected clones based on their resistance to G418 were analysed for uPAR mRNA expression, uPAR number and invasive capabilities. A number of studies using stable antisense RNA expression have demonstrated reduction in endogenous mRNA levels (Kook et al., 1994; Neuenschwander et al., 1995; Saleh et al., 1996) . The mechanism for reduction of uPAR mRNA is unclear although it may be related to interference to transcription initiation or elongation, RNA processing or mRNA transport. Another possibility is incorporation of vector by homologous recombination or random integration and disruption of endogenous uPAR gene. There is no notable variation in receptor numbers among parental, vector and sense construct transfected cell lines suggesting that antisense RNA is responsible for reduction in receptor number in antisense transfected cells. Our results showed that successful transfection of the SNB19 cells with uPAR antisense cDNA construct leads to decreased uPAR mRNA transcript and protein levels suggesting that, by whatever mechanims, the eect on RNA had profound biological consequences. Other studies have shown that altered expression of uPAR may be associated with a change in their anity for uPA. Treatment of human umbilical vein endothelial cells with phorbol-12-myristate-13-acetate (PMA) resulted in a threefold increase in number of uPARs and two-to threefold decrease in anity (Langer et al., 1993) . However, we observed no signi®cant alteration in receptor anity of SNB19 cells as a result of transfection.
Antisense transfected clones showed a marked reduction in in vitro invasiveness when compared to controls, suggesting that the modulation of uPAR in SNB19 cells altered their invasive potential in this experimental model system. In other studies Kook et al. (1994) showed that transfecting human squamous carcinoma HEp3 cells with antisense uPAR vector suppressed their ability to metastasize in a chorioallantoic membrane assay. Moreover, antisense oligonucleotides to uPAR were shown to inhibit invasion of transformed ®broblasts (Quattrone et al., 1995a,b) . Our results of the matrigel assay support the idea that receptor bound uPA activity is crucial for the invasion through matrigel that contains a mixture of basement membrane components. On the other hand, apart from invasion through adjacent normal brain by active proteolytic degradation, tumor cells also show a passive migration along the neuronal ®ber tracts and also along the blood vessels (Pedersen et al., 1993; Andersson et al., 1993; Lampson et al., 1992) . In order to know whether the sense and antisense transfected cells have similar migration, we used spheroid migration assay to measure the ability of cells organized in a three-deminesional matrix to migrate and found that the migration of cells from tumor spheroids of antisense transfected clones was significantly reduced. Adhesion of cells to various extracellular matrix components is one of the basic properties of the tumor cells during invasion cascade in which cells initially attach to and subsequently degrade the extracellular matrix components. In order to better understand the reduced migration and invasion properties of the transfected cells, cell adhesion to various ECM components was carried out and found that adhesion of antisense uPAR transfected cells to dierent ECM proteins was signi®cantly increased to that of parental, sense uPAR construct and vector transfected cells (Figure 6 ). The increased adhesion of antisense uPAR clones could be due to the altered expression of ECM receptors, integrins. In support of this, a recent study by Wei et al. (1996) showed that uPAR regulates the functions of integrins during cell adhesion to various ECM proteins, which is consistant with the idea that both increased uPAR expression and loss of stable cell adhesion were linked to malignant transformation, invasion and metastasis in various types of tumors (Pederson et al., 1994; Pepper et al., 1993; Bianchi et al., 1994; Crowley et al., 1993) .
Gliomas do not seem capable of metastasizing out of the central nervous system (Russell and Rubinstein, 1989) , although they often have many of the degradative properties associated with metastatic tumors, such as metalloproteinase and plasminogen activator secretion. Since studies have shown that uPA is involved in invasion (Testa and Quigly, 1990) , we tested whether transfection and clonal selection aect these properties. All clones used for invasion experiments produced uPA similar to that of parental cells in conditioned medium. Glioma cells not only have high levels of uPA but also metalloproteinases including type IV collagenases which are capable of degrading extracellular matrix components. Gelatinolytic activity in human glioblastomas and anaplastic astrocytomas was much higher than in astrocytomas and normal brain tissue (Nakagawa et al., 1994) . It has been suggested that MMP-2 is responsible for invasion of human glioma cells in an in vitro sytem (Abe et al., 1994) . More recently MMP-2 was shown to reduce adhesion and promote the migration and invasion of melanoma cells (Ray and Stetler-Stevenson, 1995) . In our experiments, gelatinolytic examination of conditioned medium from antisense uPAR transfected cells showed that MMP-2 levels were signi®cantly reduced by antisense transfection ( Figure  8 ) compared with MMP-2 levels of parental SNB19, sense constructs and vector transfected cells. The underlying mechanism in the reduction of MMP-2 is not known although uPAR mediated plasmin generation is involved in the activation of zymogens of MMPs. Stable transfectants of glioblastoma cells with antisense uPAR cDNA, as demonstrated in this study, have not been reported previously. We believe that our in vitro model to down regulate uPAR is applicable in vivo and that antisense vectors may well be of clinical interest in the control of gliomas. Our results suggest that signi®cant improvement in the treatment for malignant glial neoplasms will depend on targeting molecules involved in one of the many steps of proteolytic cascade.
Materials and methods
Cell culture
Glioblastoma cells SNB19 were grown in Dulbecco's Modi®ed Eagle Medium (DMEM) supplemented with 10% fetal calf serum (FCS), 100 mg/ml of streptomycin and 100 U/ml of penicillin in a humidi®ed atmosphere containing 5% CO 2 at 378C and subcultured every 3 to 5 days.
Preparation of constructs
A 300 base pair (bp) cDNA fragment of uPAR was polymerase chain reaction (PCR)-ampli®ed using synthetic primers as described earlier (Kook et al., 1994) and subcloned into pcDNA3 vector (Invitrogen, San Diego, CA) in sense and antisense orientations. Sequence analysis of 300 bp of internal sequence showed 100% homology with the published sequence for uPAR cDNA (Roldan, et al., 1990) .
Transfection of SNB19 cells
The SNB19 cells were transfected with uPAR cDNA constructs in sense and antisense orientations, as well as with pcDNA3 vector alone using lipofectin (Life Technologies, Gaithersburg, MD). The cells were plated at a cell density of 4610 5 cells per 60 mm dish. The following day, 10 mg of plasmid DNA was dissolved in 50 ml of sterile water, mixed with 50 ml of lipofectin and allowed to stand at room temperature for 15 min. The cells were washed with phosphate-buered saline (PBS), covered with 3 ml of DMEM without FCS and 100 ml of DNA-lipofectin solution was added dropwise. Twelve hours later, the medium was replaced with DMEM containing 10% FCS. Selection was initiated 48 h after transfection by growing the cells in DMEM containing 10% FCS with G418 (Life Technologies, Gaithersburg, MD). Stable transfectants were selected with cloning cylinders after 10 to 15 days and weaned from the selection medium. Stable transfectants were initially selected in 800 mg/ml of G418, and cells that survived the selection were expanded in the absence of G418 for further studies.
Northern blot analysis
Total cellular RNA was extracted from con¯uent cultures as described earlier (Mohanam et al., 1993; Chomczynski and Sacchi, 1987) . Aliquots of 10 mg of RNA were separated by electrophoresis on 1.2% agarose-formaldehyde gels, capillary-transferred to a nylon membrane overnight, and cross-linked with ultraviolet irradiation. All ®lters revealed uniform loading and intact 18S and 28S ribosomal RNA as judged from methylene-blue staining after transfer. The ®lters were hybridized at 658C overnight with a uPAR cDNA probe labeled with 32 P-deoxycytidine triphosphate by random primer labeling. The ®lters were then washed in 0.5% standard saline citrate (SSC; 3 M sodium chloride, 0.3 M sodium citrate) and 0.1% sodium dodecyl sulfate (SDS) for 20 min, then for 15 min at 658C and exposed to X-ray ®lm at 7708C. After stripping, the membranes were rehybridized with glyceraldehyde phosphate dehydrogenase (GAPDH) cDNA. The levels of uPAR mRNA were determined in all the clones by densitometry comparison between groups was done by standard statistical procedure (analysis of variance).
Radiorecepetor assays
Pro-uPA was labeled with [
125 I]iodide using Iodogen (Pierce, Rockford, IL) as described earlier (Mohanam et al., 1993) . The cells were acid-pretreated with 50 mM glycine (pH 3.0) and 0.1 M NaCl buer for 3 min and incubated with binding buer consisting of DMEM with 0.1% bovine serum albumin (BSA) and 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes) with 0.25 to 12 nM of radioligand [
125 I]-Pro-uPA for 3 h at 48C, with and without a 50-fold excess of unlabeled Pro-uPA. After four washes in DMEM-HEPES-BSA, the radioactivity was solubilized in 0.1 M Tris (pH 8.0), 10% Triton X-100, 10 mM EDTA, 100 mM NaCl and counted for radioactivity. Clones were characterized with respect to K d and B max for ligand interactions (Scatchard et al., 1949) .
Western blotting
Cells were exposed to an acidic buer (50 mM glycine/HCl, 100 mM NaCl pH 3.0) for 3 min at room temperature and then neutralized by addition of 0.5 HEPES, 100 mM NaCl pH 7.5. Cells were then treated with lysis buer (0.1 M Tris-HCl, 1% Triton X-114, 10 mM EDTA, 10 mg aprotinin, pH 8.1 and freshly added 1 mM PMSF) and the lysate was clari®ed by centrifugation. The supernatant was warmed for 10 min at 378C to allow phase separation and centrifuged. The detergent phase was collected and electrophoresed on a 10% SDS-polyacrylamide gel (Laemmli, 1970) , followed by transfer of the proteins onto nitrocellulose paper (Towbin et al., 1979) . The blots were incubated with anti-human uPAR polyclonal antibody and uPAR protein bands were identi®ed using ECL Western blotting system (Amersham, Arlington Heights, IL). The intensity of bands were scanned by densitometry for quantitation.
Invasion assay
To determine whether antisense uPAR expression among stably transfected clones aects glioblastoma cell line, we tested vector, sense and antisense transfected cell lines and parental SNB19 cell line in an in vitro invasion assay as described previously (Mohanam et al., 1993) . Brie¯y, transwell inserts (Costar, Cambridge, MA) were coated with 10 mg Matrigel (Collaborative Research, Cambridge, MA) and cells were added in 200 ml of medium in triplicate wells. After 48 h incubation, the number of cells that passed through the ®lter into the lower wells were quanti®ed and expressed as a percentage of the sum of cells in upper and lower wells (Mohanam et al., 1993) .
Spheroid formation and cell migration from spheroids
Parental and transfected SNB19 cells were cultured as spheroids in 100 mm 2 tissue culture plates that had been pre-coated with 0.75% agar as described (Lund-Johansen et al., 1990) . Brie¯y, 3610 6 cells were seeded into agarcoated plates and cultured until spheroids formed. Glass coverslips were coated with 5 mg/ml of either type I collagen, type III collagen or type IV collagen (Life Technologies, Gaithersburgh, MD); uncoated coverslips were used as controls. Collagen-coated or uncoated coverslips were placed into separate wells of 24-well culture plate, single spheroids were transferred onto coverslips and cultured in a 5% CO 2 humidi®ed incubator at 378C for 48 h. A total of 6 ± 8 spheroids were plated for each collagen type. At the end of the migration assay, spheroids were ®xed, stained with Hema-3 stain, mounted onto glass microscope slides and photgraphed. The migration of cells from spheroid to monolayers was also measured using a microscope calibrated with a stage and occular micrometer.
Cell adhesion assay
Cell adhesion to dierent ECM components was assayed using 96-well plates. The plates were precoated with varying concentrations (0.25 ± 2.5 mg/ml) of either fibronectin or type IV collagen in a ®nal volume of 100 ml PBS (pH 7.2) overnight at 48C. The wells were blocked with 10% BSA (Sigma Chemical Co., St. Louis, MO) in PBS for 1 h at room temperature. Cells were trypsinized, resuspended in DMEM containing 10% fetal calf serum, counted, and allowed to recover from the trypsinization for 1 h at 378C. Cells were centrifuged, washed twice with serum-free DMEM and resuspended in serum-free DMEM to a ®nal concentration of 2.5610 5 cells/ml; 100 ml of cell suspension was added to each well. In some experiments, rabbit anti-human uPAR antibody (#399R, American Diagnostica, Greenwich, CT) was added during the incubation at 20 mg/ml ®nal concentration. The cells were allowed to adhere for 2± 4 h and at the end of the incubation wells were washed carefully with PBS, ®xed with Hema-3 ®xative and stained with Hema-3 solution-II (CMS, Houston, TX). The dye was extracted in 10% methanol, and 5% acetic acid and read at 650 nm on an ELISA plate reader. A linear and reproducible relationship between cell number and absorbance at 650 nm was observed in all experiments.
Fibrin zymography
The enzymatic activity and molecular weight of electrophoretically separated forms of PAs were determined in conditioned medium of all the clones and control cells by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS±PAGE) procedure as previously described (Yamamoto et al., 1994a) . Brie¯y, the SDS±PAGE gel contains acrylamide to which puri®ed plasminogen and ®brinogen was added as substrates before polymerization. After polymerization, medium (2 mg) from the cell lines were electrophoresed and various types of PAs separated, based on dierences in their molecular weight. The SDS±PAGE gel was then washed twice with 2.5% Triton X-100 for 30 min each time, and the gel was incubated at 378C overnight with glycine buer (pH 7.5). Upon staining with Coomassie blue and destaining, the ®nal gel has a uniformly blue background except in regions to which PAs have migrated and activated the plasminogen to plasmin. The levels of enzymatic activity were quantitated M r 55 000 band in parental and transfected clones. To ensure that the intensity of the bands fell within a linear range, the gels were incubated for dierent time intervals before quantitative estimation by densitometry.
Gelatin zymography
Analysis of MMP-2 was performed with sodium dodecyl sulfate-polyacrylamide gels impregnated with 0.1% gelatin (w/v) and 10% polyacrylamide (w/v) as described elsewhere (Nakajima et al., 1990) . Parental SNB19, cells transfected with antisense uPAR, cells transfected with sense uPAR, and cells transfected with vector alone were grown in 100 mm tissue culture plates in DMEM containing 10% FCS until they reached 80% con¯uency. Cells were washed and replaced with serum-free medium and allowed to grow for another 24 h. The cell-conditioned medium was collected, and four parts of medium containing equal amounts of protein were mixed with one part of Laemmli sample buer (minus reductant; Laemmli, 1970) prior to electrophoresis. Gels were run at constant current and then washed twice for 30 min in 50 mM Tris-HCl, pH 7.5, plus 2.5%Triton X-100, followed by overnight incubation at 378C in 50 mM Tris-HCl, pH 7.6, 10 mM CaCl 2 , 0.05% NaN 3 . Gels were stained with Coomassie Brilliant Blue R-250 and then destained.
